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ABSTRACT 
 
In theory, RNA expression patterns, including the presence and relative abundance of 
particular RNA species, provide cell and tissue specific information that could be of use to 
forensic scientists.  An mRNA based approach could allow the facile identification of the tissue 
components present in a body fluid stain and conceivably could supplant the battery of 
serological and biochemical tests currently employed in the forensic serology laboratory.  Some 
of the potential advantages include greater test specificity, and the ability to perform 
simultaneous analysis using a common assay format for the presence of all body fluids of 
forensic interest.   
In this report, the recovery and stability of RNA in forensic samples was evaluated by 
conducting an in-depth study on the persistence of RNA in biological stains.  Stains were 
prepared from blood, saliva, semen, and vaginal secretions, and were exposed to a range of 
environmental conditions so that the affects of different light sources, temperatures, and 
environments could be assessed.  Using the results from quantitation and sensitivity studies 
performed with pristine forensic stains, the RNA stability of samples which were collected over 
a period of 1 day to 1 year for blood, saliva, and vaginal secretion stains and for up to 6 months 
for semen stains were analyzed.  The extent of RNA degradation within each type of body fluid 
stain was determined using quantitation of total RNA and reverse transcriptase polymerase chain 
reaction (RT-PCR) with selected housekeeping and tissue-specific genes. The results show that 
RNA can be recovered from biological stains in sufficient quantity and quality for mRNA 
analysis. The results also show that mRNA is detectable in samples stored at room temperature 
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for at least one year, but that heat and humidity appear to be very detrimental to the stability of 
RNA. 
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 1. INTRODUCTION 
Conventional methods of body fluid identification use a variety of labor intensive, 
technologically diverse techniques that are performed in a series, not parallel, manner and are 
costly in terms of time and samples [1]. Moreover, for some frequently encountered body fluids 
no confirmatory test exists [1]. There is no definitive test, for example, for the presence of saliva 
or vaginal secretions [1, 2].  
In order to develop a parallel analysis procedure for body fluid identification that is 
compatible with current DNA analysis procedures, an assay was chosen based upon messenger 
RNA (mRNA), the molecular intermediate between DNA and protein that is expressed in a 
tissue-specific manner. Each cell type that makes up a body fluid or tissue has a unique pattern of 
gene expression called a transcriptome [3], that is defined by the presence and relative 
abundance of specific mRNA’s. The idea then was that if one can determine the type and 
abundance of genes present in a sample recovered at the crime scene it would be possible to 
definitively identify the body fluid or tissue present. Advantages of a mRNA-based approach, 
compared to conventional biochemical analysis, include greater specificity, simultaneous and 
semi-automated analysis through a common assay format, improved timeliness, decreased 
sample consumption and compatibility with DNA extraction methodologies [4, 5]. 
Many forensic scientists today would state it is not necessary to determine the type of 
body fluid because of the ability to determine the donor of a DNA sample. However, there are 
many types of cases where knowing the type of body fluid can be instrumental in the 
investigation and court proceedings. For example, one would have a case with a female stating 
she was raped and a body fluid stain was found at the crime scene that matched a suspect. Would 
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it be necessary to identify the type of body fluid that was present at the crime scene? In this case 
if the stain was determined to be semen then that would be consistent with sexual assault whether 
consensual or not. However, if the stain was determined to be saliva then that may provide 
evidence of rape. This mRNA based method could allow the identification of body fluids 
accurately and quickly and therefore would be useful in many cases.  
Using RNA as a forensic tool, however, has been somewhat passed over because of its 
reputation of being unstable. This perceived instability is based on data collected when 
conducting experiments on mRNA activity in vivo. However, it is not fully understood what 
state mRNA is in once it has been dried down. The major concern with RNA stability in forensic 
applications is the presence of ubiquitous ribonucleases, known as RNases, rather than any 
inherent chemical instability of the polyribonucleotide chain. It is thought that when stains are 
dried down they may be protected from enzymatic degradation by RNases[6]  
Published reports indicate that it is possible to isolate total RNA of sufficient quality and 
quantity from biological stains to enable subsequent detection of particular mRNA species using 
reverse transcription-polymerase chain reaction (RT-PCR) [6, 7].  However, these studies have 
either been limited in the type of sample and/or by the scope of the environmental conditions to 
which the samples were exposed [6, 7]. To further address concerns over stability of RNA in 
forensic samples, an in-depth study on the persistence and stability of RNA in biological stains 
was conducted.  Stains were prepared from blood, saliva, semen, and vaginal secretions and 
exposed to a range of environmental conditions so that affects of different light sources (UV, 
luminescent), temperatures (25ºC, 4ºC, and -20ºC), and environments (outside-protected from 
rain, outside-not protected from rain) could be assessed.  Initially, quantitation experiments were 
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performed using biological samples of various sizes (whole 50ul stain, ¾ stain, ½ stain, ¼ stain, 
and 1/8 stain) in order to determine how much RNA can be recovered from the different sized 
stains.  Sensitivity studies were performed with housekeeping and tissue-specific gene candidates 
using RT-PCR. The housekeeping genes used included S15 [8, 9], β-actin [10, 11], and GAPDH 
[12, 13]. The tissue-specific genes used to analyze blood included β-Spectrin (SPTB) [14, 15], 
porphobilinogen deaminase (PBGD) [16], and proprietory genes BL 3 through BL 8. The saliva 
tissue-specific genes included Histatin 3 (HTN3) [17], Statherin (STATH) [18], PRB1 [19, 20], 
and proprietory gene SA 3. Semen tissue-specific genes included Protamine 1 (PRM1), 
Protamine 2 (PRM2) [21, 22], and proprietory genes SE 3 through SE 5. For vaginal secretions 
the tissue-specific genes included Mucin 4 (MUC4) [23, 24]and proprietory gene VS 2. 
 The results from these experiments were then applied to the analysis of the stability 
samples which were collected at specific time intervals (1 day, 3 days, 7 days, 1 month, 3 
months, 6 months, 1 year).  The extent of RNA degradation within each type of body fluid stain 
was determined using quantitation of total RNA and RT-PCR with selected housekeeping and 
tissue-specific genes. Figure 1 illustrates the experiments described above.  
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2. METHODS 
2.1 Body Fluid Samples 
 Body fluids were collected using procedures approved by the University’s Institutional 
Review Board. Blood was collected by venipuncture and 50 µl aliquots were placed onto cotton 
cloth and dried at room temperature. Saliva was obtained in a sterile 50ml centrifuge tube and 
50µl aliquots were placed onto cotton cloth and dried at room temperature. Freshly ejaculated 
semen was collected in plastic cups, and then 50 µl aliquots were placed onto cotton cloth and 
dried at room temperature. Vaginal secretions were collected using sterile polyester-tip swabs 
and allowed to dry at room temperature. Recovery and sensitivity samples were placed at -47ºC 
and environmental samples were placed at their appropriate condition. 
For the recovery study extractions, 50 µl blood, saliva, and semen stains were cut into 
five different sizes corresponding to 6.25 µl, 12.5 µl, 25 µl, 37.5 µl, and 50 µl. Vaginal secretion 
swabs were evaluated in three sizes including ¼, ½, and a whole swab. For the sensitivity studies 
50 µl blood, saliva, and semen stains were extracted and analyzed from 100 pg to 200 ng. Whole 
vaginal secretion swabs were tested from 100 pg and 4000 ng. 
 To evaluate the environmental effects on all four body fluids, one sample was exposed to 
each of the different temperature, light, and environmental conditions (Figure 1). Some of the 
samples were placed at room temperature protected from light in envelopes and plastic bags as 
both wet and dry stains. Other samples were exposed to ultraviolet (λmax = 254) and 
luminescent light (λmax = 440 nm, 585 nm; range = 400 nm to 700 nm) at room temperature. 
Additional samples were placed outside under two conditions; outside samples exposed to heat, 
humidity, light, and rain, and outside-no rain samples exposed to heat, humidity, and light. 
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Blood, saliva, and vaginal secretion samples were exposed for 1 day, 3 days, 1 week, 4 weeks, 3 
months, 6 months, and 1 year. Semen samples were exposed from 1 day to 6 months. For RNA 
isolation from the environmental samples, the following stain or swab sizes were used: blood and 
saliva one-half of a stain (equivalent to 25 µl), for semen one-quarter of a stain (equivalent to 
12.5 µl), and for vaginal secretions one-quarter of a swab. 
2.2 RNA Isolation 
Total RNA was extracted from blood, saliva, semen, and vaginal secretion stains with 
guanidine isothiocyanate-phenol:chloroform and precipitated with isopropanol [25], as 
previously described [6].  Briefly, 500 µl of denaturing solution (4 M guanidine isothiocyanate, 
0.02 M sodium citrate, 0.5% sarkosyl, 0.1 M β-mercaptoethanol) was added to each extraction 
tube (Fisher, Suwanee, Georgia). The stain was placed into the extraction tube with the preheated 
denaturing solution and incubated for 30 minutes at 56ºC in a water bath. The cotton swatch or 
polyester swab was removed and placed into a spin-basket (Promega, Madison, Wisconsin) and 
centrifuged at 8,160 x g for 10 minutes. After centrifugation, the basket with associated substrate 
was discarded. 50 µl of 2 M sodium acetate and 600 µl of acid-phenol:chloroform 5:1 (pH: 4.5) 
were added to the extract, vortexed briefly, placed at 4ºC for 1 hour, and then centrifuged for 20 
minutes at 16,000 x g.  The RNA containing aqueous layer was removed to a new sterile 1.5-ml 
tube.  2 µl of GlycoBlueTM glycogen carrier (Ambion Inc., Austin, Texas) and 500 µl of 
isopropanol was added to the aqueous layer. RNA was precipitated at -20ºC for 2 hours, after 
which the samples were centrifuged for 20 minutes at 16,000 x g. After centrifugation the 
supernatant was removed and the pellet was washed once with 1 ml of 75% ethanol / 25% 
DEPC-treated water. The samples were then centrifuged for 10 minutes at 16,000 x g, the 
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supernatant was discarded, and dried in a vacuum centrifuge for 5 minutes. The pellet was re-
suspended in 12 µl or 20µl of RNA Secure Resuspension Solution (Ambion Inc., Austin, Texas) 
and heated at 60ºC for 10 minutes. The samples were DNase-treated immediately or stored at -
20ºC until further use.  
2.3 DNase Treatment 
6 U of RNase-free DNase I (2 U/µl) (Ambion Inc., Austin, Texas) and digestion buffer 
provided (10 mM Tris-HCl, pH 7.5, 2.5 mM MgCl2 0.1 mM CaCl2) were added to each extract. 
The samples were incubated at 37ºC for 1 hour. The DNase was inactivated at 75ºC for 10 
minutes [26, 27]. The samples were stored at -20ºC until further use.  
2.4 RNA Quantitation 
Each sample was quantitated using a sensitive fluorescence assay based upon the binding 
of the unsymmetrical cyanine dye Ribogreen® (Molecular Probes, Eugene, Oregon) [28]. The 
manufacturer’s instructions were followed for the high-range assay, which detects from 20 ng/ml 
to 1 µg/ml RNA.  
Briefly, 200 µl assay volumes were used with 96-well microplates. The final mixture in 
each sample well consisted of  2 µl DNase I-treated RNA extract,  98 µl of 1 X TE buffer (10 
mM Tris-HCl, 1 mM EDTA, pH 7.5, in DEPC-treated water),  and 100 µl of 750 nM 
Ribogreen® reagent (diluted 200-fold from the concentrated stock). After a 2 minute incubation 
of the samples at room temperature protected from light, the samples were analyzed by a Wallac 
Victor2 microplate reader (Perkin Elmer Life Sciences, Boston, MA) at a fluorescence emission 
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of 535 nm (excited at 485 nm). The RNA concentrations in the samples were calculated using an 
appropriate standard curve as described by the manufacturer.  
2.5 cDNA Synthesis 
For the reverse transcriptase (RT) reaction, RNA template, 0.5 mM each dNTP (Applied 
Biosystems, Foster City, California), 5 µM random decamers, and nuclease-free water (Ambion, 
Austin, Texas) were combined to a final volume of 16 µl. This mixture was heated at 75ºC for 3 
minutes to eliminate the secondary structure of target mRNA and snap-cooled on ice. To the 
mixture 2 µl of 10 X first-strand buffer (500 nM Tris-HCl, pH 8.3, 750 mM KCl, 30 mM MgCl2, 
50 mM DTT) (Ambion, Austin, Texas), 1 µl of SUPERase-InTM RNase Inhibitor (20 U/µl) 
(Ambion, Austin, Texas) and 1 µl of  Moloney Murine Leukemia Virus-Reverse Transcriptase 
(100 U/µl) (Ambion, Austin, Texas) were added to yield a final reaction volume of 20 µl, was 
incubated at 42ºC for 1 hour. The enzyme was inactivated by incubating the reaction mixture at 
95ºC for 10 minutes.  The samples were stored at -20ºC until further use.  
2.6 Polymerase Chain Reaction (PCR) 
A 2 µl sample of the RT-reaction was amplified in a final reaction volume of 25 µl. The 
reaction mixture included 10X buffer I (10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl2) 
(Applied Biosystems, Foster City, California), 0.2 mM each dNTP (Applied Biosystems, Foster 
City, California), 0.8 µM PCR primer (Invitrogen, Grand Island, NY), and 1.25 units AmpliTaq 
Gold® DNA Polymerase (5 U/µl) (Applied Biosystems, Foster City, California).  PCR primer 
sequences for GAPDH and β-actin were obtained from Strategene (LaJolla, California). PCR 
primer sequence for S15 was obtained from Ambion (Austin, Texas). PCR primer sequences for 
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PBGD, PRM1 and PRM2 were obtained from published sources [16, 21] . The PCR primer 
sequences for STATH and HTN3 have been previously reported [6]. PCR Primers for the other 
blood, semen and vaginal secretion specific genes were designed using either Oligo® Primer 
Analysis Software, Version 6 (Lifescience Software Ressource, Long Lake, MN) or Primer3 
Online primer design software [29]. Primers were custom synthesized by Invitrogen (Grand 
Island, New York). Table 1 shows the PCR primer sequences and the expected product sizes for 
selected genes. PCR conditions  consisted of a denaturing step (95ºC, 11 min) followed by 35 
cycles (94ºC, 20 sec; 55ºC, 30 sec; 72ºC, 40 sec) and a final extension step (72ºC, 5 min) [8, 9, 
30]. 
 
 
Table 1. Sequence of PCR primers and predicted sizes of amplified products 
Body Fluid Gene Primer Sequences Size Reference 
Housekeeping S15 5’ - TTC CGC AAG TTC ACC TAC C 
5’ - CGG GCC GGC CAT GCT TTA CG  
361bp Ambion 
 Β-actin 5’ - TGA CGG GGT CAC CCA CAC TGT GCC CAT CTA 
5’ - CTA GAA GCA TTT GCG GTG GAC GAT GGA GGG  
661bp Stratagene 
 GAPDH 5’ – CCA CCC ATG GCA AAT TCC ATG GCA 
5’ – TCT AGA CGG CAG GTC AGG TCC ACC 
600bp Stratagene 
Blood SPTB 5’- AGG ATG GCT TGG CCT TTA AT 
5’- ACT GCC AGC ACC TTC ATC TT 
247 bp Primer 3 
 PBGD 5’- TGG ATC CCT GAG GAG GGC AGA AG 
5’- TCT TGT CCC CTG TGG TGG ACA TAG CAA T 
177 bp Gubin and 
Miller 
Saliva STATH 5’- CTT CTG TAG TCT CAT CTT G 
5’- TGG TTG TGG GTA TAG TGG TTG TTC 
198 bp Oligo 6 
 HTN3 5’- GCA AAG AGA CAT CAT GGG TA 
5’- GCC AGT CAA ACC TCC ATA ATC 
134 bp Oligo 6 
Semen PRM1 5’- GCC AGG TAC AGA TGC TGT CGC AG 
5’- TTA GTG TCT TCT ACA TCT CGG TCT 
153 bp Steger et 
al 
 PRM2 5’- GTG AGG AGC CTG AGC GAA CGC 
5’- TTA GTG CCT TCT GCA TGT TCT CTT C 
294 bp Steger et 
al 
Vaginal 
Secretions 
MUC4 5’- GGA CCA CAT TTT ATC AGG AA  
5’- TAG AGA AAC AGG GCA TAG GA  
235 bp Primer 3 
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2.7 Real Time Polymerase Chain Reaction (PCR) 
A 2 µl sample of the RT-reaction was amplified in a final reaction volume of 25 µl. The 
reaction mixture included proprietary 2X TaqMan® Universal PCR Master Mix (Amplitaq Gold 
DNA Polymerase, AmpErase UNG, dNTP’s with dUTP, Passive Reference, and optimized 
buffer components) (Applied Biosystems, Foster City, California), 1.8 µM PCR primer 
(Invitrogen, Grand Island, NY), and 250 nM TaqMan® Minor Groove Binding (MGB) Probe 
(Applied Biosystems, Foster City, California). PCR primer sequence for S15 and the MGB Probe 
were designed using Primer Express Software™ Version 2.0 (Applied Biosystems, Foster City, 
California). Table 2 shows the Real-Time PCR primer sequences and probe as well as the 
expected product sizes for S15. PCR conditions consisted of an incubation step (50ºC, 2 min), an 
enzyme activation step (95ºC, 10 min) followed by 40 cycles (95ºC, 15 sec; 60ºC, 1 min). 
 
 
Table 2. Sequence of Real-Time PCR primers and predicted sizes of amplified products  
Body Fluid Gene Primer Sequences Size Reference 
Housekeeping S15  5’-CCT TCA ACC AGG TGG AGA TCA 
5’-CAT GCT TTA CGG GCT TGT AGG T 
84bp Primer 
Express 
 S15 Probe 
(VIC dye) 
5’-CGA GAT GAT CGG CCA CT   
 
 
2.8 Gel Electrophoresis 
RT-PCR Products were separated on 2.5% Nusieve agarose gels (Cambrex, Rockland, 
ME). Electrophoresis was carried out at 100 volts for 60 minutes in TAE buffer (0.04 M Tris-
 10
acetate, 1 mM EDTA).  The gel was stained with SYBR® Gold nucleic acid stain (Molecular 
Probes, Eugene, OR) and photographed under UV transillumination.  
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3. RESULTS  
3.1 Total RNA Recovery (Pristine Samples) 
The first objective was to determine the amount of total RNA (rRNA, tRNA, and mRNA) 
that could be recovered from pristine samples. It is important to know the amount of total RNA 
in the different size stains, so an examiner can ultimately save sample by only extracting the size 
stain necessary for the experimental procedures. Fifty microliter blood, saliva, and semen stains 
were cut into five different sizes corresponding to 6.25 µl, 12.5 µl, 25 µl, 37.5 µl, and 50 µl. 
Vaginal secretion swabs were evaluated in three sizes including ¼, ½, and a whole swab. The 
different sized samples were extracted and quantitated using the Ribogreen® fluorescence assay 
and the nanograms of total RNA in the extract were calculated. This assay uses an 
unsymmetrical cyanine dye that exhibits large fluorescence enhancement upon binding to RNA. 
Some of the drawbacks of this dye include not being human specific and it can bind to DNA if it 
was not fully removed by the DNase I treatment. At this time there are not other quantitation 
assays designed specifically for RNA as well as being human specific. To determine the total 
RNA in a 50 µl stain the amount of total RNA in the extract was multiplied by the size of the 
stain cut. For example, if 1/8 of a stain was cut and the total nanograms in the extract was 50 ng, 
then the nanograms in the 50 µl stain would be 400 ng. The total RNA recovery for the four body 
fluids can be found in Table 3.  
The average recovery of total RNA in blood was 450 ng in the 50 µl stains (~ 9 ng/ µl) 
with a standard deviation of 128.9 ng. Saliva demonstrated similar recovery with the average 
being 430 ng in a 50 µl stains (~9 ng/µl) with a standard deviation of 246.8 ng. Semen was 
almost double the amount of blood and saliva with an average of 1,100 ng in a 50 µl stains (~22 
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ng/ µl) with a standard deviation of 64.5 ng. Vaginal secretion swabs were significantly higher 
than all three of the other body fluids with an average recovery of 68 µg in a whole swab and a 
standard deviation of 28 µg. These results are consistent with previously reported total RNA 
recovery amounts [6], and demonstrate that total RNA can be consistently recovered from 
biological stains. 
 
 
Table 3. Total RNA Recovery (Pristine Samples) 
Body Fluid Stain/Swab Size N Average 
(ng) 
Min 
(ng) 
Max    
(ng) 
SD    
(ng) 
Blood  50 µl Stain 1/8 12 537.67 344.0 728.8 121.1 
  ¼ 5 486.24 394.0 648.4 99.9 
  ½ 5 522.32 388.2 899.4 213.4 
  ¾ 5 350.72 243.7 452.0 77.2 
  1 36 370.47 156.1 660.1 133.1 
  Total 63 453.48 156.1 899.4 128.9 
Saliva  50 µl Stain 1/8 7 518.07 117.6 709.0 208.5 
  ¼ 5 289.17 156.8 448.4 145.3 
  ½ 5 509.32 231.9 1000.9 333.0 
  ¾ 5 510.31 136.0 903.6 343.2 
  1 38 301.17 87.6 866.3 204.0 
  Total 60 425.61 87.6 1000.9 246.8 
Semen  50 µl Stain 1/8 4 2218.2 2024 2473.6 187.0 
  ¼ 2 1130.4 1118.4 1142.4 17.0 
  ½ 6 810.8 705.8 916.8 81.3 
  ¾ 2 727.8 715.7 739.9 17.1 
  1 7 588.1 550.4 613.3 20.1 
  Total  21 1095.06 550.4 2473.6 64.5 
Vaginal Secretion  Swab top side half (1/4) 8 82450.1 45384.4 105978.0 21719.1 
  bottom side half (1/4) 8 75965.7 40941.3 124908.8 29148.4 
  top half (1/2) 5 62117.2 23392.0 102072.7 30681.4 
  bottom half (1/2) 5 73061.4 24819.4 108079.8 31749.1 
  side half (1/2) 5 49479.3 24113.8 84781.1 24522.6 
  1 5 63014.3 12976.3 82093.1 29130.3 
  Total 36 67681.3 12976.3 108079.8 27825.2 
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3.2 mRNA Sensitivity 
Sets of blood-, saliva-, semen-, and vaginal secretion- specific genes have been identified 
and tested in our laboratory using a combination of literature and public database searches [6, 16, 
21]. To determine the suitability of their use for forensic purposes, the sensitivities of all of the 
tissue-specific and housekeeping genes were assessed by adding specific amounts of total RNA 
into the reverse transcriptase reaction (Figure 1). For blood, saliva, and semen a range of 100 pg 
to 200 ng of total RNA was tested and for vaginal secretions a range of 100 pg to 4000 ng was 
tested. The genes were then classified into one of three abundance categories: high (< 5 ng), 
medium (5 ng < 30 ng), or low (31 ng  <) (Table 4). These standards were established based on 
the groupings seen when reviewing the sensitivities of all four body fluids. 
The sensitivities for blood-specific genes ranged from 500 pg to 80 ng with most of the 
genes being high abundance (< 5 ng). Saliva-specific genes ranged in sensitivity from 2 ng to 53 
ng with more medium abundance (5 ng < 30 ng) genes than high abundance genes (< 5 ng). 
Saliva specific gene SA3 is a medium abundance gene (5 ng < 30 ng), but demonstrated 
problems with processed pseudogenes (indicated by the P). Processed pseudogenes are 
sequences in the genome that have close similarities to one or more paralogous functional genes, 
but generally are unable to be transcribed [31]. These DNA sequences, when amplified, produce 
PCR products that are identical to the RT-PCR products. The sensitivities for the semen-specific 
genes ranged from 1 ng to 75 ng, consisting mostly of high abundance genes (< 5 ng). For 
vaginal secretion-specific genes sensitivities ranged from 2 ng to 1912 ng. The tissue specific 
gene VS2 proved to be very low abundance (31 ng <), however the recovery for vaginal 
secretion swabs demonstrate that there is sufficient RNA present in a swab for this gene to be 
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useful. For the four body fluids both S15, ranging from 200 pg to 5 ng, and β-actin, ranging from 
200 pg to 2 ng, were considered high abundance genes. GAPDH was considered a high 
abundance gene in only blood and semen with sensitivities of 1ng and 500pg. However, in saliva 
and vaginal secretions GAPDH was considered a medium abundance gene with sensitivities of 
20ng and 30ng respectively. Also, it was seen that the housekeeping gene β-actin demonstrates 
problems with processed pseudogenes in semen and vaginal secretion body fluids. Overall, the 
sensitivities of the tissue-specific and housekeeping genes indicate there are several high and 
medium abundance genes to use in an mRNA assay for body fluid identification. Examples of 
gels from the sensitivity studies for four of the body fluid-specific genes are shown in Figure 2 
(a-d).  
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Table 4. mRNA Assay Sensitivity 
Body Fluid Gene Sensitivity Abundance 
Blood S15  200pg High 
  B-actin  200pg High 
  GAPDH 1ng High 
  SPTB 2ng High 
  PBGD 3ng High 
  BL 3 500pg High 
  BL 4  800pg High 
  BL 5 6ng Medium 
  BL 6 60ng Low 
  BL 7 80ng Low 
  BL 8 70ng Low 
Saliva S15 3ng High 
  B-actin 2ng High 
  GAPDH 20ng Medium 
  HTN3 2ng High 
  STATH 15ng Medium 
  SA 3 20ng (P) Medium 
  PRB1 53ng Low 
Semen S15 500pg High 
  B-actin 500pg (P) High 
  GAPDH 500pg  High 
  PRM1 2ng High 
  PRM2 1ng High 
  SE 3 15ng Medium 
  SE 4 75ng Low 
VS S15 5ng High 
  B-actin 500pg (P) High 
  GAPDH 30ng Medium 
  MUC4 2ng High 
  VS 2 1912ng Low 
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 (a) SPTB  
1ng          2ng          3ng           4ng        5ng        10ng        15ng      Controls 
+      -     +       -      +      -       +      -     +     -      +      -      +       -     -     +     - 
 
 400bp-  
*  
200bp-  
 
(b) HTN3 
1ng         2ng           3ng          4ng         6ng        8ng         10ng       Controls 
+      -     +       -      +      -       +      -     +     -      +      -      +       -     -     +     - 
 
 300bp- 
 ** * 
100bp-  
 
(c) PRM1  
 +      -     +       -      +      -       +      -       +      -       +       -          -      +       -  300bp- 
 *  100bp-  
 
(d) MUC4 
 
 
 
 
  
500pg       1ng         2ng         5ng        10ng       15ng       20ng        Controls 
+      -     +      -     +      -      +      -     +     -      +      -      +       -     -     +     - 
*
400bp- 
200bp- 
 
*
Figure 2. (a-d) Sensitivity Gels of RT-PCR. RT-PCR Products for SPTB, HTN3, PRM1, and 
MUC4 using pristine samples and a range of total RNA input. Reactions without RT (-) were run 
parallel with all RT reactions (+). RT controls without RNA (-) and PCR controls with a (+) RT 
reaction and no RT reaction (H20) were included in each experiment. PCR products were 
separated on a 2.5% agarose gel and stained with SYBR® Gold. The asterisk symbols indicate 
bands that are present, but difficult to see. 
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3.3 Environmental Effects 
The analysis of the environmentally compromised samples was two-fold: the first goal 
was to determine to what extent, if any, would total RNA recovery be affected by exposure to a 
variety of temperature, light, and environmental conditions, and secondly, what effect would 
such exposure have on mRNA stability.  The results from the quantitation and sensitivity studies 
performed on the pristine samples were used as the basis for the analysis of the environmentally 
compromised samples. The total RNA recovery in the environmental samples was then evaluated 
and compared to the recovery results of the pristine samples. 
All environmental samples were exposed for the same specific collection periods of 1 
day, 3 days, 1 week, 4 weeks, 3 months, 6 months, 1year, with the exception of semen which 
was only collected up to 6 months. Once the samples were collected they were stored at -47ºC 
until further processing was performed.  
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3.3.1 Total RNA Recovery 
3.3.1.1 Total RNA Recovery (Light Conditions) 
 The first light condition tested was shortwave ultraviolet light (λmax = 254 nm; range = 
200 nm to 280 nm). This light is the ultraviolet energy furthest from visible light, but shorter 
than rays from sunlight.  All four body fluids were placed inside the cabinet until collected at the 
specific collection periods. A shortwave ultraviolet light source was placed 5 inches above the 
samples. The cabinet was closed and taped so the samples would be exposed only to the single 
light source. 
The second light condition tested was soft white luminescent light (λmax = 440 nm, 585 
nm; range = 400 nm to 700 nm). All four body fluids were placed in a large cardboard box until 
collected at the specific collection periods. A single luminescent light source was placed 15 
inches above the samples in a closed box.  
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Table 5. Total RNA Recovery (Light Conditions) 
Body Fluid Conditions N Average (ng) Min (ng) Max (ng) SD (ng) 
Blood Pristine Samples 63 450 160 900 130 
 25ºC  Ultraviolet 7 560 460 830 124 
 25ºC  Luminescent 7 620 480 730 87 
Saliva Pristine Samples 60 430 90 1,000 250 
 25ºC  Ultraviolet 7 660 350 1,100 290 
 25ºC  Luminescent 7 570 120 1,300 374 
Semen Pristine Samples 21 1,100 550 2,500 65 
 25ºC  Ultraviolet 6 2,200 1,500 3,000 583 
 25ºC  Luminescent 6 2,250 1,600 3,400 671 
Vaginal Secretions Pristine Samples 36 68,000 13,000 108,000 28,000 
 25ºC  Ultraviolet 7 16,000 6,500 23,000 6,000 
 25ºC  Luminescent 7 86,000 42,000 150,000 41,800 
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The minimum and maximum values for blood stains in ultraviolet and luminescent light 
were 460 ng to 830 ng and 480 ng to 730 ng, respectively (Table 5). These values were all within 
two standard deviations calculated from the pristine samples. The one day sample for ultraviolet 
light was slightly higher, but still fell within three standard deviations. Figure 3 shows the total 
RNA recovery results from blood stains exposed to ultraviolet and luminescent lights.  
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Figure 3. Total RNA Recovery (Light – Blood). This graph shows the amount of total RNA 
recovered in nanograms for ultraviolet and luminescent light at each collection period. In this 
control chart the mean (dashed line), two standard deviations (dotted line), and three standard 
deviations (solid line) are derived from the pristine samples.  
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The minimum and maximum values for saliva stains in ultraviolet and luminescent light, 
350 ng to 1,100 ng and 120 ng to 1,300 ng respectively (Table 5). Up to 180 days the values stay 
within two standard deviations, however at 365 days the values fall right at the three standard 
deviation limit. The values seemed to increase slightly after the 90-day collection period (Figure 
4).  
 
 
 
-400
-200
0
200
400
600
800
1000
1200
1400
0 40 80 120 160 200 240 280 320 360
Number of Days Exposed
Q
ua
nt
ity
 o
f R
N
A
 in
 S
ta
in
 (n
g)
Ultraviolet Light
Luminescent Light
 
Figure 4. Total RNA Recovery (Light-Saliva). This graph shows the amount of total RNA 
recovered in nanograms for ultraviolet and luminescent light at each collection period. In this 
control chart the mean (dashed line), two standard deviations (dotted line), and three standard 
deviations (solid line) are derived from the pristine samples.  
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 Semen stains were only collected up to 180 days, so a full assessment of the recovery 
could not be assessed. The minimum and maximum values for semen stains exposed to 
ultraviolet light and luminescent light ranged from 1,500 ng to 3,000 ng and 1,600 ng to 3,400 
ng, respectively (Table 5). The values for semen stains exposed to both light conditions were 
above the three standard deviation limit. In Figure 5 the higher values were with in the first 90 
days and decreased up to the 180 day collection period. 
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Figure 5. Total RNA Recovery (Light-Semen). This graph shows the amount of total RNA 
recovered in nanograms for ultraviolet and luminescent light at each collection period. In this 
control chart the mean (dashed line), two standard deviations (dotted line), and three standard 
deviations (solid line) are derived from the pristine samples.  
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Vaginal secretion swabs exposed to ultraviolet and luminescent light had minimum and 
maximum values of 6.5 µg to 23 µg and 42 µg to 150 µg, respectively (Table 5). For ultraviolet 
light the values were low but stayed relatively close to the minimum limit for two standard 
deviations. The samples exposed to luminescent light initially stay around the mean, but then 
increase to values between the second and third standard deviation. From Figure 6 it can be seen 
that the ultraviolet light sample values were steady, but the luminescent light sample values start 
to increase after the 90-day collection period.  
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Figure 6. Total RNA Recovery (Light-Vaginal Secretions).  This graph shows the amount of total 
RNA recovered in nanograms for ultraviolet and luminescent light at each collection period. In 
this control chart the mean (dashed line), two standard deviations (dotted line), and three 
standard deviations (solid line) are derived from the pristine samples.  
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3.3.1.2 Total RNA Recovery (Outside Conditions)  
 All four body fluids were placed both outside (rain, heat, humidity, and light) and outside 
with no exposure to rain (heat, humidity, and light). In evaluating the recovery of these samples 
it was important to know the temperature and rainfall conditions these samples were exposed to 
between February 2003 and February 2004 of the next year. Figure 7 displays the highs and lows 
during each collection period, which ranged from 83ºF to 94ºF and from 32ºF to 43ºF, 
respectively. The outside samples were not only exposed to varying temperatures, but were 
exposed to various amounts of rain as well. In Figure 8 the rainfall recorded was displayed in a 
bar graph indicating the amount of days of rain during each collection period. Samples between 1 
to 7 days were only exposed to slight amounts of rain, however after 30 days the rainfall 
increased tremendously up to 137 days at the one year collection period. With both the varying 
temperatures and the high amounts of rainfall at the later collection dates there should be a 
noticeable difference between the recovery of the outside samples versus other conditions.  
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Figure 7. Outside Temperature Conditions.This graph shows the high and low temperatures at 
each collection period.  
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Figure 8. Outside Rainfall Exposure. This graph shows the amount of rainfall recorded at each 
collection period.  
 
 
Table 6. Total RNA Recovery (Outside Conditions) 
Body Fluid Conditions N Average (ng) Min (ng) Max (ng) SD (ng) 
Blood Pristine Samples 63 450 160 900 130 
 Outside 7 700 500 1,100 185 
 Outside-No Rain 7 1,900 490 4,600 1,800 
Saliva Pristine Samples 60 430 90 1,000 250 
 Outside 7 800 500 2,000 530 
 Outside-No Rain 7 900 300 2,200 850 
Semen Pristine Samples 21 1,100 550 2,500 65 
 Outside 6 2,000 520 4,500 1,500 
 Outside-No Rain 6 3,800 1000 8,100 2,900 
Vaginal Secretions Pristine Samples 36 68,000 13,000 108,000 28,000 
 Outside 7 21,200 850 40,200 19,000 
 Outside-No Rain 7 80,100 1,600 154,000 67,400 
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 The minimum and maximum values for blood stains exposed to outside and outside no 
rain conditions were 500 ng to 1,100 ng and 490 ng to 4,600 ng, respectively (Table 6) . The 
outside samples and the earlier collection days (1 day and 3 days) of the outside no rain samples 
stay close the mean value of the pristine samples. The outside samples shown in Figure 9 
increase above three standard deviations at the 90 day collection period and then decrease again 
within the two standard deviation upper limit. The outside-no rain samples increased at the 90 
days collection period well above the upper three standard deviation limit. 
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Figure 9. Total RNA Recovery (Outside Conditions - Blood).This graph shows the amount of 
total RNA recovered in nanograms for the outside conditions at each collection period. In this 
control chart the mean (dashed line), two standard deviations (dotted line), and three standard 
deviations (solid line) are derived from the pristine samples. 
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 The minimum and maximum values for saliva samples in outside and outside-no rain 
conditions were 500 ng to 2,000 ng and 300 ng to 2,200 ng, respectively (Table 6).  Both the 
outside and outside-no rain samples initially stay around the mean calculated from the pristine 
samples. The 30 day and 90 day periods for the outside-no rain samples and 90 day period for 
the outside samples increase above the three standard deviation limit. The outside samples then 
decrease with exposure time between the mean and two standard deviations.  The outside-no rain 
values decrease to around the mean and then increases again above the upper three standard 
deviation limit. Figure 10 shows that the outside and outside-no rain samples were variable 
throughout the 365 days.  
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Figure 10. Total RNA Recovery (Outside Conditions - Saliva). This graph shows the amount of 
total RNA recovered in nanograms for the outside conditions at each collection period. In this 
control chart the mean (dashed line), two standard deviations (dotted line), and three standard 
deviations (solid line) are derived from the pristine samples. 
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 The minimum and maximum values for semen exposed to outside and outside no rain 
conditions are 520 ng to 4,500 ng and 1,000 ng to 8,100 ng, respectively (Table 6). Figure 11 
showed that the early collection periods were close to the pristine sample mean, but then 
increased well above the upper three standard deviation limit. Again, the samples past the 90-day 
collection period began to decrease most likely due to the frequent rainfall.  
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Figure 11. Total RNA Recovery (Outside Conditions - Semen).This graph shows the amount of 
total RNA recovered in nanograms for the outside conditions at each collection period. In this 
control chart the mean (dashed line), two standard deviations (dotted line), and three standard 
deviations (solid line) are derived from the pristine samples. 
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 The minimum and maximum values for vaginal secretion samples exposed to outside and 
outside-no rain conditions were 850 ng to 40.2 µg and 1,600 ng to 154 µg, respectively (Table 6). 
Samples exposed to outside conditions initially are between the mean and two standard deviation 
lower limit, but then decrease to within the three standard deviation lower limit. The early 
collection periods of outside-no rain samples were close to the three standard deviation limit. 
However, the value then decrease with increased exposure time to values between the two 
standard deviation and three standard deviation lower limits (Figure 12).  
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Figure 12. Total RNA Recovery (Outside Conditions – Vaginal Secretions).This graph shows the 
amount of total RNA recovered in nanograms for the outside conditions at each collection 
period. In this control chart the mean (dashed line), two standard deviations (dotted line), and 
three standard deviations (solid line) are derived from the pristine samples. 
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3.3.1.3 Total RNA Recovery (25ºC) 
 All four body fluids were either dried down or stored wet in both envelopes and plastic 
bags and placed at 25ºC (room temperature). The wet samples were placed immediately in either 
an envelope or plastic bag and stored in a drawer with no exposure to light. The dry samples 
were aliquoted onto the cotton swatches and allowed to dry completely before being placed in a 
drawer with no exposure to light.  
 
 
Table 7. Total RNA Recovery (25ºC) 
Body Fluid Conditions N Average (ng) Min (ng) Max (ng) SD (ng) 
Blood Pristine Samples 63 450 160 900 130 
 25ºC  Envelope Dry 7 530 400 590 85 
 25ºC  Envelope Wet 7 580 450 730 100 
 25ºC  Plastic Dry 7 550 400 750 120 
 25ºC  Plastic Wet 7 530 500 600 40 
Saliva Pristine Samples 60 430 90 1,000 250 
 25ºC  Envelope Dry 7 420 270 620 130 
 25ºC  Envelope Wet 7 500 280 780 160 
 25ºC  Plastic Dry 7 470 360 690 110 
 25ºC  Plastic Wet 7 620 380 1,400 330 
Semen Pristine Samples 21 1,100 550 2,500 65 
 25ºC  Envelope Dry 6 700 460 950 225 
 25ºC  Envelope Wet 6 950 670 1,400 270 
 25ºC  Plastic Dry 6 760 420 910 180 
 25ºC  Plastic Wet 6 660 580 800 80 
Vaginal Secretions Pristine Samples 36 68,000 13,000 108,000 28,000 
 25ºC  Envelope Dry 7 30,000 7,000 65,000 21,200 
 25ºC  Envelope Wet 7 102,000 16,500 168,000 50,000 
 25ºC  Plastic Dry 7 50,000 26,000 87,000 22,900 
 25ºC  Plastic Wet 7 92,000 33,000 150,000 45,000 
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 The minimum and maximum RNA recovery values for blood stains stored in an envelope 
dry and wet were 400 ng to 590 ng and 450 ng to 730 ng, respectively. For blood stains stored in 
a plastic bag dry and wet the minimum and maximum values were 400 ng to 750 ng and 500 ng 
to 600 ng (Table 7). In Figure 13 most of the values for blood stains stored at room temperature 
fell within the mean and the two standard deviation upper limit.  
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Figure 13. Total RNA Recovery (25ºC - Blood).This graph shows the amount of total RNA 
recovered in nanograms for all room temperature conditions at each collection period. In this 
control chart the mean (dashed line), two standard deviations (dotted line), and three standard 
deviations (solid line) are derived from the pristine samples. 
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 The minimum and maximum RNA recovery values for saliva stains stored in an envelope 
dry and wet were 270 ng to 620 ng and 280 ng to 780 ng, respectively. For saliva stains stored in 
a plastic bag dry and wet the minimum and maximum values were 360 ng to 690 ng and 380 ng 
to 1,400 ng (Table 7). Figure 14 shows the values for all four storage conditions clustering 
around the pristine sample mean. The 3 day plastic wet sample was an outlier falling outside of 
the three standard deviation upper limit.  
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Figure 14. Total RNA Recovery (25ºC - Saliva).This graph shows the amount of total RNA 
recovered in nanograms for all room temperature conditions at each collection period. In this 
control chart the mean (dashed line), two standard deviations (dotted line), and three standard 
deviations (solid line) are derived from the pristine samples. 
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 The minimum and maximum values for the semen stains exposed for up to 180 days, 
stored both dry and wet in an envelope were, 460 ng to 950 ng and 670 ng to 1,400 ng. Semen 
stains stored in plastic bags wet and dry had minimum and maximum values of 420 ng to 910 ng 
and 580 ng to 800 ng, respectively (Table 7). Figure 15 shows the values recorded for most of 
the samples under these different conditions were clustered below the three standard deviation 
lower limit. The 180 day wet sample stored in an envelope increased above the three standard 
deviation upper limit. 
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Figure 15. Total RNA Recovery (25ºC - Semen).This graph shows the amount of total RNA 
recovered in nanograms for all room temperature conditions at each collection period. In this 
control chart the mean (dashed line), two standard deviations (dotted line), and three standard 
deviations (solid line) are derived from the pristine samples. 
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The minimum and maximum values for vaginal secretion samples stored dry and wet in 
envelopes were 7 µg to 65 µg and 16.5 µg to 165 µg, respectively. The vaginal secretions 
samples stored dry and wet in plastic bags had minimum and maximum values of 26 µg to 87 µg 
and 33 µg to 150 µg, respectively (Table 7). In Figure 16 the RNA values for samples stored in 
and envelopes and plastic bags differed. In both examples the samples stored under dry 
conditions exhibited a decreased recovery, close to the two standard deviation lower limit, with 
increased exposure time. In contrast the samples stored wet initially had values around the mean 
and then increased between the second and third standard deviation upper limits.  
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Figure 16. Total RNA Recovery (25ºC - Vaginal Secretions)This graph shows the amount of 
total RNA recovered in nanograms for all room temperature conditions at each collection period. 
In this control chart the mean (dashed line), two standard deviations (dotted line), and three 
standard deviations (solid line) are derived from the pristine samples. 
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3.3.1.4 Total RNA Recovery (4ºC) 
All four body fluids were either dried down or stored wet in both envelopes and plastic 
bags and then placed at 4ºC (refrigerator). The wet samples were aliquoted onto the cotton 
swatches and placed immediately into either an envelope or a plastic bag and stored 4ºC. The dry 
samples were aliquoted onto the cotton swatches and allowed to dry completely before being 
placed in the refrigerator. These samples were exposed to short periods of luminescent light 
when the refrigerator was opened.  
 
 
Table 8. Total RNA Recovery (4ºC) 
Body Fluid Conditions N Average (ng) Min (ng) Max (ng) SD (ng) 
Blood Pristine Samples 63 450 160 900 130 
 4ºC Envelope Dry 7 650 510 780 90 
 4ºC  Envelope Wet 7 610 530 730 60 
 4ºC  Plastic Dry 7 570 450 720 100 
 4ºC  Plastic Wet 7 610 530 720 60 
Saliva Pristine Samples 60 430 90 1,000 250 
 4ºC Envelope Dry 7 1030 380 1,600 490 
 4ºC  Envelope Wet 7 940 500 1,600 360 
 4ºC  Plastic Dry 7 160 100 230 45 
 4ºC  Plastic Wet 7 280 120 530 130 
Semen Pristine Samples 21 1,100 550 2,500 65 
 4ºC Envelope Dry 6 900 300 1,200 320 
 4ºC  Envelope Wet 6 670 180 1,300 420 
 4ºC  Plastic Dry 6 1,070 650 1,300 210 
 4ºC  Plastic Wet 6 1,2000 980 1,550 200 
Vaginal Secretions Pristine Samples 36 68,000 13,000 108,000 28,000 
 4ºC Envelope Dry 7 23,500 8,300 46,000 13,000 
 4ºC  Envelope Wet 7 110,600 42,000 150,000 41,500 
 4ºC  Plastic Dry 7 20,900 4,900 62,600 20,000 
 4ºC  Plastic Wet 7 70,300 27,000 117,00 29,000 
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The minimum and maximum values for blood stains stored at 4ºC dry and wet in an 
envelope were 510 ng to 780 ng and 530 ng to 730 ng, respectively. For samples stored at 4ºC 
dry and wet in a plastic bag the minimum and maximum values were 450 ng to 720ng and 530 
ng to 720 ng, respectively (Table 8). In Figure 17 the recovery values consistently between the 
mean and the two standard deviation upper limit.  
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Figure 17. Total RNA Recovery (4ºC - Blood).This graph shows the amount of total RNA 
recovered in nanograms for all 4ºC storage conditions at each collection period. In this control 
chart the mean (dashed line), two standard deviations (dotted line), and three standard deviations 
(solid line) are derived from the pristine samples. 
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 The minimum and maximum values for saliva stains stored at 4ºC dry or wet in an 
envelope were 380 ng to 1,600 ng and 500 ng to 1,600 ng, respectively. Saliva samples stored in 
a plastic bag dry and wet had a minimum and maximum value of 100 ng to 230 ng and 120 ng to 
530 ng, respectively (Table 8). In Figure 18 the values for the plastic dry and wet samples were 
low, but they still fell within the mean and two standard deviation lower limit. The envelope dry 
and wet sample results showed an overall increase in recovery falling above the two standard 
deviation upper limit and in some cases above the three standard deviation upper limit.  
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Figure 18. Total RNA Recovery (4ºC - Saliva). This graph shows the amount of total RNA 
recovered in nanograms for all 4ºC storage conditions at each collection period. In this control 
chart the mean (dashed line), two standard deviations (dotted line), and three standard deviations 
(solid line) are derived from the pristine samples. 
The minimum and maximum values for semen stains stored at 4ºC in an envelope, dry or 
wet, were 300 ng to 1,200 ng and 180 ng to 1,300 ng, respectively. Semen stains stored in a 
plastic bag dry or wet had minimum and maximum values of 650 ng to 1,300 ng and 980 ng to 
1,550 ng, respectively. Table 8 lists the recovery values for semen stains stored at 4ºC.  Figure 19 
shows both the plastic dry and wet samples falling between the mean and the two standard 
deviation limit. However, the 90 day plastic wet sample which increases slightly above the three 
standard deviation upper limit. The early collection periods for the envelope dry and wet samples 
were close to the mean and then decrease outside of the three standard deviation lower limit. For 
all samples the 180 day collection period fell between the mean and the two standard deviation 
upper limit. 
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Figure 19. Total RNA Recovery (4ºC - Semen). This graph shows the amount of total RNA 
recovered in nanograms for all 4ºC storage conditions at each collection period. In this control 
chart the mean (dashed line), two standard deviations (dotted line), and three standard deviations 
(solid line) are derived from the pristine samples. 
The minimum and maximum values for vaginal secretion samples stored at 4ºC in an 
envelope, dry or wet, were 8,300 ng to 46 µg and 42 µg to 150 µg, respectively. For the vaginal 
secretions samples that were stored in a plastic bag, either wet or dry, gave values of 4,900 ng to 
62.6 µg and 27 µg to 117 µg, respectively (Table 8). In Figure 20, the envelope and plastic dry 
samples were low, but stayed consistently around the two standard deviation lower limit. 
Envelope wet samples were close to the mean and within two standard deviations throughout the 
collection dates. The envelope dry values were above the second and third standard deviation 
upper limit and then decreased to values around the mean with increased exposure time.  
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Figure 20. Total RNA Recovery (4ºC - Vaginal Secretions). This graph shows the amount of 
total RNA recovered in nanograms for all 4ºC storage conditions at each collection period. In 
this control chart the mean (dashed line), two standard deviations (dotted line), and three 
standard deviations (solid line) are derived from the pristine samples. 
3.3.1.5 Total RNA Recovery (-20ºC) 
All four body fluids were either dried down or stored wet in both envelopes and plastic 
bags and then placed at -20ºC (freezer). The wet samples were placed immediately in either an 
envelope or plastic bag and stored in the freezer. The dry samples were aliquoted onto the cotton 
swatches and allowed to dry completely before being placed in the freezer. These samples were 
exposed to short periods of luminescent light only when the freezer was opened.  
 
 
Table 9. Total RNA Recovery (-20ºC) 
Body Fluid Conditions N Average (ng) Min (ng) Max (ng) SD (ng) 
Blood Pristine Samples 63 450 160 900 130 
 -20ºC Envelope Dry 7 680 400 860 190 
 -20ºC  Envelope Wet 7 770 620 870 90 
 -20ºC  Plastic Dry 7 870 780 960 60 
 -20ºC  Plastic Wet 7 810 570 980 130 
Saliva Pristine Samples 60 430 90 1,000 250 
 -20ºC Envelope Dry 7 500 410 670 100 
 -20ºC  Envelope Wet 7 600 380 740 120 
 -20ºC  Plastic Dry 7 510 340 670 110 
 -20ºC  Plastic Wet 7 350 260 430 60 
Semen Pristine Samples 21 1,100 550 2,500 65 
 -20ºC Envelope Dry 6 2,300 1,800 3,000 420 
 -20ºC  Envelope Wet 6 1,050 890 1,300 170 
 -20ºC  Plastic Dry 6 1,550 1,300 2,000 370 
 -20ºC  Plastic Wet 6 1,100 950 1,300 120 
Vaginal Secretions Pristine Samples 36 68,000 13,000 108,000 28,000 
 -20ºC Envelope Dry 7 45,500 13,000 86,800 31,000 
 -20ºC  Envelope Wet 7 142,600 49,000 239,00 61,000 
 -20ºC  Plastic Dry 7 60,300 4,000 125,200 43,000 
 -20ºC  Plastic Wet 7 101,800 45,500 130,00 35,000 
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 The minimum and maximum values for blood stains stored at -20ºC dry and wet in an 
envelope were 400 ng to 860 ng and 620 ng to 870 ng, respectively. For blood stains stored in a 
plastic bag dry and wet the minimum and maximum values were 780 ng to 960 ng and 570 ng to 
980 ng, respectively (Table 9).  In Figure 21 the early collection periods for all the storage 
conditions were high with values around the second and third standard deviation upper limit. The 
plastic dry and wet samples continued to have high values throughout the collection periods. The 
envelope dry and wet samples decreased to values between the mean and the two standard 
deviation upper limit.  
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Figure 21. Total RNA Recovery (-20ºC - Blood). This graph shows the amount of total RNA 
recovered in nanograms for all -20ºC storage conditions at each collection period. In this control 
chart the mean (dashed line), two standard deviations (dotted line), and three standard deviations 
(solid line) are derived from the pristine samples. 
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 For saliva stains the minimum and maximum values of the samples stored at -20ºC in 
envelopes, both dry and wet, were 410 ng to 670 ng and 380 ng to 740 ng, respectively. The 
minimum and maximum values for saliva stains stored in plastic bags dry and wet were 340 ng 
to 670 ng and 260 ng to 430 ng, respectively (Table 9). Figure 22 showed that the four different 
storage conditions for saliva stains yielded RNA values around the mean of the pristine sample 
values. 
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Figure 22. Total RNA Recovery (-20ºC - Saliva).This graph shows the amount of total RNA 
recovered in nanograms for all -20ºC storage conditions at each collection period. In this control 
chart the mean (dashed line), two standard deviations (dotted line), and three standard deviations 
(solid line) are derived from the pristine samples. 
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 Looking at semen stain recovery, the minimum and maximum values for stains stored at -
20ºC dry or wet in an envelope were 1,800 ng to 3,000 ng and 890 ng to 1,300 ng, respectively. 
The minimum and maximum values for semen stains stored in plastic bags dry and wet were 
1,300 ng to 2,000 ng and 950 ng to 1,300 ng, respectively (Table 9). In Figure 23 the wet 
samples stored in and envelope and plastic bag stayed between the mean and two standard 
deviations. The values for samples stored dry in both envelopes and plastic bags increased to 
well above the three standard deviation upper limit.  
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Figure 23. Total RNA Recovery (-20ºC - Semen).This graph shows the amount of total RNA 
recovered in nanograms for all -20ºC storage conditions at each collection period. In this control 
chart the mean (dashed line), two standard deviations (dotted line), and three standard deviations 
(solid line) are derived from the pristine samples. 
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 The minimum and maximum values for vaginal secretion samples stored at -20ºC dry or 
wet in an envelope were 13 µg to 86.8 µg and 49 µg to 239 µg, respectively. Vaginal secretion 
samples stored in plastic bags, dry and wet, had minimum and maximum values of 4 µg to 125.2 
µg and 45.5 µg to 130 µg, respectively (Table 9). Figure 24 depicts the increased RNA values in 
samples stored wet in contrast to the results established in samples stored dry. Most of the values 
fell with the two standard deviations, with the exception of the later exposure times for envelope 
wet samples. 
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Figure 24. Total RNA Recovery (-20ºC - Vaginal Secretion).This graph shows the amount of 
total RNA recovered in nanograms for all -20ºC storage conditions at each collection period. In 
this control chart the mean (dashed line), two standard deviations (dotted line), and three 
standard deviations (solid line) are derived from the pristine samples. 
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3.3.2 mRNA Stability 
mRNA stability in biological stains was evaluated using RT-PCR and housekeeping and 
tissue-specific genes, which were selected based on the earlier sensitivity studies. For all four 
body fluids the housekeeping gene selected was S15 [8, 9], as an overall indicator of RNA 
quality. Due to the fact that S15 was known to have a pseudogene which, when amplified, gives 
the same sized PCR product as that from mRNA, it was difficult to compare the intensities of the 
bands in the RT+ and RT- samples. For samples where this occurred real time PCR was used to 
clarify that RNA was present in the RT+ samples. For blood, 50 ng of total RNA was added to 
the RT reaction and the two tissue-specific genes selected were β-Spectrin (SPTB) [14, 15] and 
Porphobilinogen Deaminase (PBGD) [16]. For saliva 50 ng of total RNA was added to the RT 
reaction and the two tissue-specific genes selected were Histatin 3 (HTN3) [17]and Statherin 
(STATH) [18]. For semen 50 ng was added and the two tissue-specific genes selected were 
Protamine 1 (PRM1) and Protamine 2 (PRM2) [21, 22]. For vaginal secretions 500 ng was added 
and the tissue-specific gene selected was Mucin 4 (MUC4) [23, 24].  
The stability results are presented using bar graphs that show the furthest time period in 
which positive results were obtained for the four body fluids exposed to the various 
environmental conditions. Some of the numbers listed above the bars are in red to indicate that 
the endpoint for those samples had not been reached. The first bar for each body fluid indicates 
the housekeeping gene S15 and the second and third bar for each body fluid indicates the two 
tissue-specific genes with the exception of vaginal secretions which only had one tissue-specific 
gene. 
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3.3.2.1 mRNA Stability (Light Conditions) 
 
 The results obtained from the four body fluids exposed to ultraviolet light (λmax = 254 
nm; range = 200 nm to 280 nm) were more stable than expected due to the fact ultraviolet light 
was known to cause pyrimidine dimers within the nucleic acid structure (Figure 25). For blood 
the housekeeping gene S15 and both tissue-specific genes were detectable for up to at least one 
year. For saliva stains HTN3 was detectable up to 180 days, STATH up to 7 days, and S15 up to 
90 days. For semen stains PRM1 was detectable up to 180 days and PRM2 and S15 were 
detectable up to 90 days. For vaginal secretions MUC4 was detectable up to one year and the 
housekeeping gene S15 was detectable up to 90 days. Overall, for blood, semen, and vaginal 
secretions at least one tissue-specific gene was detectable up to one year. Figure 26 shows 
examples of gels for samples exposed to ultraviolet light. 
 For samples exposed to luminescent light (λmax = 440 nm, 585 nm; range = 400 nm to 
700 nm) at least one tissue-specific gene from all four body fluids was detectable up to one year 
(Figure 27). The second tissue-specific gene for each body fluid varied with PBGD detectable up 
to 180 days, STATH detectable up to 90 days, and PRM2 detectable up to 30 days. For blood 
and vaginal secretions S15 was detectable up to one year. However, S15 was only detectable up 
to 30 days for saliva and 90 days for semen. Figure 28 shows examples of gels for samples 
exposed to luminescent light. 
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Figure 25. mRNA Stability - Ultraviolet Light. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue-specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene.  
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Figure 26. (a-d) Stability Gels - Ultraviolet Light. RT-PCR products using mRNA from samples exposed 
to ultraviolet light. a) blood stains: SPTB b) saliva stains: HTN3 c) semen stains: PRM1 d) vaginal 
secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a (+) RT reaction and no 
RT reaction (H20) were included in each experiment. PCR Products were run on a 2.5% agarose gel and 
stained with SYBR® Gold stain. 
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Figure 27. mRNA Stability - Luminescent Light. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene.  
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Figure 28. (a-d) Stability Gels – Luminescent. Light.RT-PCR products using mRNA from samples 
exposed to luminescent light. a) blood stains: SPTB b) saliva stains: HTN3 c) semen stains: PRM1 d) 
vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a (+) RT reaction 
and no RT reaction (H20) were included in each experiment. PCR Products were run on a 2.5% agarose 
gel and stained with SYBR® Gold stain. 
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3.3.2.2 mRNA Stability (Outside Conditions) 
 
 It was immediately evident that samples placed outside demonstrated a decrease in 
stability for all four body fluids (Figure 30). In blood stains S15 was detectable up to 90 days and 
both of the tissue-specific genes, SPTB and PBGD, were detectable up to 3 days. For saliva 
stains S15 was detectable up to 30 days and both of the tissue-specific genes, HTN3 and 
STATH, were detectable up to 1 day. S15 in semen stains appeared to be less stable with 
detection only up to 1 day. The semen tissue-specific genes PRM1 was detectable up to 7 days 
were as PRM2 was not detectable in the outside conditions. In vaginal secretions S15 was 
detectable up to 30 days and MUC4 was detectable up to 7 days. In all four of the body fluids no 
gene was detectable after 90 days which was consistent with the increase in frequent rainfall 
described earlier. Also, the samples outside were exposed to varying temperatures, humidity, and 
light. All of these can be detrimental to biological material by themselves. Most likely it was a 
combination of all the above that caused decreased stability in four different body fluids. Figure 
31 shows examples of gels for samples exposed to outside conditions.  
 The samples stored outside with no exposure to rain appear to be slightly more stable 
than the samples exposed to full outside conditions (Figure 32). In blood stains the housekeeping 
gene S15 and the two tissue-specific genes, SPTB and PBGD, were detectable up to 30 days. For 
both saliva and semen stains S15 and their tissue-specific genes were detectable up to 7 days. 
Vaginal secretion samples showed interesting results with S15 detectable up to at least one year 
and MUC4 detectable up to 6 months. These vaginal secretion samples were stored with no 
exposure to rain, so the RNA was not washed away. Also, because vaginal secretions were 
collected on swabs which were denser than a cotton swatch it was likely that the heat, humidity, 
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and light could not penetrate the swab fully to degrade all of the RNA. With the vaginal secretion 
samples placed outside it was easier for the rain to ultimately penetrate the inside of the swab 
and wash away the remaining RNA. Figure 33 shows examples of gels for samples exposed to 
outside conditions. 
 
 
 
             
4 weeks 3 months 6 months 1 year
Figure 29. Samples Exposed to Outside Conditions- 4 weeks to 1 year. This picture visually 
shows the degradation of the cotton and the appearance of mold in the later samples. In the later 
samples there are also holes present which occurred from insects, such as ants, eating the sample. 
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Figure 30. mRNA Stability - Outside. S15 indicates the housekeeping gene and the other two bars 
indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH (S), 
Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 31. (a-d) Stability Gels - Outside. RT-PCR products using mRNA from samples exposed to 
outside conditions (light, heat, humidity, and rain). a) blood stains: SPTB b) saliva stains: HTN3 c) semen 
stains: PRM1 d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a 
(+) RT reaction and no RT reaction (H20) were included in each experiment. PCR Products were run on a 
2.5% agarose gel and stained with SYBR® Gold stain. 
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Figure 32. mRNA Stability - Outside-No Rain. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes.  Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 33. (a-d) Stability Gels - Outside-No Rain. RT-PCR products using mRNA from samples exposed 
to outside-no rain conditions (light, heat, and humidity). a) blood stains: SPTB b) saliva stains: HTN3 c) 
semen stains: PRM1 d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls 
with a (+) RT reaction and no RT reaction (H20) were included in each experiment. PCR Products were 
run on a 2.5% agarose gel and stained with SYBR® Gold stain. 
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3.3.2.3 mRNA Stability (25ºC)  
 
 For blood and saliva stains stored dry at room temperature in an envelope the 
housekeeping gene S15 and the two tissue-specific genes were present up to at least one year 
(Figure 34). In semen stains PRM1 was detectable up to 180 days, PRM2 was detectable up to 
30 days, and S15 was detectable up to 90 days. S15 was detectable in vaginal secretion samples 
at least one year. However, the tissue-specific gene MUC4 was only detectable for up to 90 days. 
Eight vaginal secretion samples were collected a day for approximately a month from two 
donors, so it is possible that the seventh and eighth samples collected were not fully saturated. 
When these experiments are repeated it is probable that MUC4 will be detectable for up to year 
when considering the inherent stability seen in the other three body fluids. Figure 35 shows 
examples of gels for samples stored dry in an envelope at room temperature. 
 Figure 36 shows the furthest detection period for the wet samples stored at room 
temperature in an envelope. For blood, SPTB and S15 were detectable up to at least one year and 
PBGD was detectable up to 180 days. Saliva stains varied with S15 detectable up to180 days, 
HTN3 detectable up to at least one year, and STATH detectable up to 30 days. This decrease in 
stability could be due to compatible conditions for RNase activity, including a wet sample and 
25ºC temperature. For semen stains S15 and both tissue-specific genes, PRM1 and PRM2, were 
detectable up to180 days. Vaginal secretion samples also did not reach their limit with detection 
of both the S15 and MUC4 up to at least one year. With the exception of saliva stains, samples 
stored wet in an envelope at room temperature showed promising mRNA stability results. Figure 
37 shows examples of gels for samples stored in an envelope dry at room temperature conditions. 
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Figure 34. mRNA Stability (25ºC) Envelope-Dry. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
 
 
 
 
    0             1             3            7            30         90         180         Controls                 365
+     -      +     -       +     -      +     -      +     -       +     -      +     -       -    +     -                 +    -(a)  400bp- 
 
200bp- 
    0             1            3             7            30         90         180         C                           
 
ontrols                 365                                                                                        (b)  +     -      +     -       +     -      +     -      +     -       +     -      +     -        -    +     -                 +    -300bp-   
 100bp- 
 
   0                 1               3              7               30           Controls                   90         180(c)  +      -        +      -       +       -        +      -       +       -        -      +      -                 +    -      +    - 300bp-  *  100bp- 
 
   0                1               3                 7             30            90         180          Controls           (d)  
+      -        +      -        +      -        +      -        +      -        +      -       +      -       -    +    -              400bp- 
 
200bp-  
 
Figure 35. (a-d) Stability Gels (25ºC) Envelope-Dry. RT-PCR products using mRNA from samples dried 
down and stored in an envelope at 25ºC (room temperature). a) blood stains: SPTB b) saliva stains: HTN3 
c) semen stains: PRM1 d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR 
controls with a (+) RT reaction and no RT reaction (H20) were included in each experiment. PCR 
Products were run on a 2.5% agarose gel and stained with SYBR® Gold stain. 
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Figure 36. mRNA Stability Gels (25ºC) Envelope-Wet. S15 indicates the housekeeping gene and the 
other two bars indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and 
STATH (S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers 
indicate that a detection endpoint was not reached for that gene. 
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Figure 37. (a-d) Stability Gels (25ºC) Envelope-Wet. RT-PCR products using mRNA from samples 
stored wet in an envelope at 25ºC (room temperature). a) blood stains: SPTB b) saliva stains: HTN3 c) 
semen stains: PRM1 d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls 
with a (+) RT reaction and no RT reaction (H20) were included in each experiment. PCR Products were 
run on a 2.5% agarose gel and stained with SYBR® Gold stain. 
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 In Figure 38 the results of the dry samples stored at room temperature in a plastic bag 
were similar to the envelope dry and wet conditions. For blood stains S15 and both tissue-
specific genes, SPTB and PBGD, were detectable up to at least one year. In saliva stains S15 and 
HTN3 were detectable up to at least one year and STATH was detectable up to180 days. STATH 
was determined to be a medium abundance gene, so it is not surprising it was not always 
detectable in the one year samples. Also, because only one sample per condition was tested it 
was possible the sample itself had less STATH present. For semen stains, S15 was detectable up 
to 90 days, PRM1 was detectable up to180 days, and PRM2 was detectable up to 3 days. In 
vaginal secretion samples both S15 and MUC4 were detectable for up to at least one year. 
Overall, at least one tissue-specific gene was detectable at the furthest point collected. 
 For samples stored wet in a plastic bag at room temperature, the stability was surprising 
(Figure 40).  It is standard practice only to store biological stains dry and in envelopes. It was 
thought when a stain was dried down less nuclease activity could occur. Figure 30 shows that the 
previous thought may not be the case. In all of the body fluids at the housekeeping gene and at 
least one tissue-specific gene was present up to the furthest collection point. For blood stains S15 
and SPTB were detectable up to at least one year and PBGD was detectable up to 30 days. In 
saliva stains S15 and HTN3 were detectable up to at least one year and STATH was detectable 
up to 3 days. Both S15 and the two tissue-specific genes were detectable up to their furthest 
collection point of 180 days. Vaginal secretions were also detectable up to their furthest 
collection point of one year. Examples of gels for samples stored wet in a plastic bag at room 
temperature conditions can be seen in Figure 41. 
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Figure 38. mRNA Stability (25ºC) Plastic-Dry. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 39. (a-d) Stability Gels (25ºC) Plastic-Dry. RT-PCR products using mRNA from samples dried 
down and stored in a plastic bag at 25ºC (room temperature). a) blood stains: SPTB b) saliva stains: 
HTN3 c) semen stains: PRM1 d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR 
controls with a (+) RT reaction and no RT reaction (H20) were included in each experiment. PCR 
Products were run on a 2.5% agarose gel and stained with SYBR® Gold stain. 
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Figure 40. mRNA Stability (25ºC) Plastic-Wet. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 41. (a-d) Stability Gels (25ºC) Plastic-Wet. RT-PCR products using mRNA from samples stored 
wet in a plastic bag at 25ºC (room temperature). a) blood stains: SPTB b) saliva stains: HTN3 c) semen 
stains: PRM1 d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a 
(+) RT reaction and no RT reaction (H20) were included in each experiment. PCR Products were run on a 
2.5% agarose gel and stained with SYBR® Gold stain. 
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3.3.2.4 mRNA Stability (4ºC) 
 The stability for samples stored dry in an envelope at 4ºC showed promising results, with 
the exception of vaginal secretions (Figure 42). For blood stains S15 and both tissue-specific 
genes, SPTB and PBGD, were detectable up to at least one year. Saliva had similar results with 
S15 detectable up to at least 180 days and HTN3 and STATH detectable up to at least one year. 
In semen stains S15, PRM1, and PRM2 were detectable up to at least 180 days. Vaginal 
secretions samples appeared to be less stable at this condition than in previous conditions. S15 
was detectable up to 90 days and MUC4 was detectable up to 30 days.  Knowing that MUC4 can 
be detected up to 180 days in samples stored outside with no rain this decease in stability was 
most likely a problem with the actual samples and not due to the storage conditions. Figure 43 
shows examples of gels for samples stored dry in an envelope at 4ºC.  
 The envelope wet samples were consistent with the envelope dry samples stored at 4ºC 
(Figure 44). For blood stains S15 and both SPTB and PBGD were detectable up to at least one 
year. In saliva stains HTN3 and STATH were detectable up to at least one year; however S15 
was only detectable up to 180 days. In semen stains S15 and both tissue-specific genes, PRM1 
and PRM2, were detectable up to at least 180 days. For vaginal secretion samples S15 was 
undetectable and MUC4 was detectable at least one year. These results are surprising because 
initially it was believed biological samples should not be stored wet, but these results indicated 
RNA was stable at these conditions for long periods of time. Figure 45 shows examples of gels 
for samples stored wet in an envelope at 4ºC.  
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Figure 42. mRNA Stability (4ºC) Envelope-Dry. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes.  Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 43. (a-d) Stability Gels (4ºC) Plastic-Dry. RT-PCR products using mRNA from samples dried 
down and stored in an envelope at 4ºC. a) blood stains: SPTB b) saliva stains: HTN3 c) semen stains: 
PRM1 d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a (+) RT 
reaction and no RT reaction (H20) were included in each experiment. PCR Products were run on a 2.5% 
agarose gel and stained with SYBR® Gold stain. 
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Figure 44. mRNA Stability (4ºC) Envelope-Wet. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 45. (a-d) Stability Gels (4ºC) Envelope-Wet. RT-PCR products using mRNA from samples stored 
wet in an envelope at 4ºC. a) blood stains: SPTB b) saliva stains: HTN3 c) semen stains: PRM1 d) vaginal 
secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a (+) RT reaction and no 
RT reaction (H20) were included in each experiment. PCR Products were run on a 2.5% agarose gel and 
stained with SYBR® Gold stain. 
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 Body fluid samples stored dry in a plastic bag at 4ºC were similar to previous result for 
saliva and semen, but decreased slightly for blood and vaginal secretions (Figure 46). In blood 
stains SPTB and PBGD were detectable for at least 6 months and S15 was detectable up to at 
least one year. Saliva stains were consistent with previous 4ºC with HTN3 and STATH 
detectable for at least one year, however S15 was undetectable. In semen stains PRM1, PRM2, 
and S15 were detectable up to at least 180 days. For vaginal secretion samples both S15 and 
MUC4 were detectable up to 6 months. Figure 47 shows examples of gels for samples stored dry 
in a plastic bag at 4ºC. 
 In samples stored wet at 4ºC in plastic bags the RNA stability increased (Figure 48). In 
blood stains, both SPTB and PBGD were detectable for at least one year and S15 was detectable 
up to 90 days. For saliva stains HTN3 and STATH were detectable for at least one year and S15 
was undetectable. In semen stains S15, PRM1, and PRM2 were all detectable up to 180 days, 
which was the furthest collection time for semen. In vaginal secretion samples both S15 and 
MUC4 were detectable up to at lest one year. These results are surprising when compared to the 
results of samples stored dry in plastic bags. It is possible in samples stored wet at 4ºC that the 
cells were lysed open and the RNA was released and then dried in that released state. When the 
samples were extracted the RNA was no longer interacting with the proteins, so it was able to 
separate more efficiently in the acid phenol chloroform stage. An indication of increased RNA 
recovery can also be seen when looking at the recovery data for the dry samples versus the wet 
samples. Figure 49 shows examples of gels for samples stored wet in a plastic bag at 4ºC. 
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Figure 46. mRNA Stability (4ºC) Plastic-Dry. S15 indicates the housekeeping gene and the other two bars 
indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH (S), 
Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 47. (a-d) Stability Gels (4ºC) Plastic-Dry. RT-PCR products using mRNA from samples dried 
down and stored in a plastic bag at 4ºC. a) blood stains: SPTB b) saliva stains: HTN3 c) semen stains: 
PRM1 d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a (+) RT 
reaction and no RT reaction (H20) were included in each experiment. PCR Products were run on a 2.5% 
agarose gel and stained with SYBR® Gold stain. 
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Figure 48. mRNA Stability (4ºC) Plastic-Wet. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 49. (a-d) Stability Gels (4ºC) Plastic-Wet. RT-PCR products using mRNA from samples stored 
wet in a plastic bag at 4ºC. a) blood stains: SPTB b) saliva stains: HTN3 c) semen stains: PRM1 d) 
vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a (+) RT reaction 
and no RT reaction (H20) were included in each experiment. PCR Products were run on a 2.5% agarose 
gel and stained with SYBR® Gold stain. 
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3.3.2.5 mRNA Stability (-20ºC) 
 Normally biological stains were stored dry in an envelope at -20ºC or above 
temperatures. The results for these samples were as expected with most of the genes detectable 
for at least one year (Figure 50). In blood stains S15 and SPTB were detectable for at least one 
year and PBGD was detectable for 180 days. For saliva stains S15, HTN3, and STATH were all 
detectable up to at least one year. mRNA in semen stains was detectable at least 180 days for 
S15, PRM1, and PRM2. In vaginal secretion samples S15 and MUC4 were detectable at least 
one year. Figure 51 shows examples of gels for samples stored dry in an envelope at -20ºC. 
 Wet samples stored at -20ºC in plastic bag were consistent with the dry samples (Figure 
52). In blood stains S15, SPTB, and PBGD were all present up to at least one year. For saliva 
stains both HTN3 and STATH were detectable for at least one year, however S15 was only 
detectable up to 7 days. In semen stains S15, PRM1, and PRM2 were all present up to180 days, 
the furthest collection period for semen. For vaginal secretion samples S15 and MUC4 were 
detectable up to at least one year. Again, the results of the wet samples are surprising but good in 
the respect that RNA was stable at conditions not previously expected. Figure 53 shows 
examples of gels for samples stored wet in an envelope at -20ºC. 
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Figure 50. mRNA Stability (-20ºC) Envelope-Dry. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 51. (a-d) Stability Gels (-20ºC) Envelope-Dry. RT-PCR products using mRNA from samples dried 
down and stored in an envelope at -20ºC. a) blood stains: SPTB b) saliva stains: HTN3 c) semen stains: 
PRM1 d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a (+) RT 
reaction and no RT reaction (H20) were included in each experiment. PCR Products were run on a 2.5% 
agarose gel and stained with SYBR® Gold stain. 
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Figure 52. mRNA Stability (-20ºC) Envelope-Wet. S15 indicates the housekeeping gene and the other 
two bars indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and 
STATH (S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers 
indicate that a detection endpoint was not reached for that gene. 
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Figure 53. (a-d) Stability Gels (-20ºC) Envelope-Wet. RT-PCR products using mRNA from samples 
stored wet in an envelope at -20ºC. a) blood stains: SPTB b) saliva stains: HTN3 c) semen stains: PRM1 
d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a (+) RT 
reaction and no RT reaction (H20) were included in each experiment. PCR Products were run on a 2.5% 
agarose gel and stained with SYBR® Gold stain. 
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 The dry samples stored in a plastic bag, seen in Figure 54, were consistent with both the 
envelope wet and dry samples stored at -20ºC. In blood stains S15, SPTB, and PBGD were all 
present for at least one year. In saliva stains both HTN3 and STATH were detectable up to at 
least one year; however S15 was only detectable for up to 7 days. For semen stains S15, PRM1, 
and PRM2 were detectable up to its furthest collection point of 180 days. In vaginal secretion 
samples S15 and MUC4 were detectable up to at least one year. Figure 55 shows examples of 
gels for samples stored dry in a plastic bag at -20ºC. 
 Wet samples stored in plastic bags at -20ºC gave the same results as samples stored dry in 
plastic bag (Figure 56). In blood stains S15, SPTB, and PBGD were all present for at least one 
year. For saliva stains both HTN3 and STATH were detectable for at least one year however S15 
was undetectable. For semen stains S15, PRM1, and PRM2 were detectable up to at least 180 
days. In vaginal secretion samples S15 and MUC4 were detectable for at least one year. As with 
previous condition where the samples were stored wet these results are interesting. However, 
consistency in detection at long exposure times between conditions suggest these results do 
demonstrate mRNA can be stable for long periods of time when stored wet. Figure 57 shows 
examples of gels for samples stored wet in a plastic bag at -20ºC. 
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Figure 54. mRNA Stability (-20ºC) Plastic-Dry. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes.  Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 55. (a-d) Stability Gels (-20ºC) Plastic-Dry. RT-PCR products using mRNA from samples dried 
down and stored in a plastic bag at -20ºC. a) blood stains: SPTB b) saliva stains: HTN3 c) semen stains: 
PRM1 d) vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a (+) RT 
reaction and no RT reaction (H20) were included in each experiment. PCR Products were run on a 2.5% 
agarose gel and stained with SYBR® Gold stain. 
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Figure 56. mRNA Stability (-20ºC) Plastic-Wet. S15 indicates the housekeeping gene and the other two 
bars indicate the tissue specific genes. Blood: SPTB (S) and PBGD (P), Saliva: HTN3 (H) and STATH 
(S), Semen: PRM1 (P1) and PRM2 (P2), Vaginal Secretions: MUC4 (M). The red numbers indicate that a 
detection endpoint was not reached for that gene. 
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Figure 57. (a-d) Stability Gels (-20ºC) Plastic-Wet. RT-PCR products using mRNA from samples stored 
wet in a plastic bag at -20ºC. a) blood stains: SPTB b) saliva stains: HTN3 c) semen stains: PRM1 d) 
vaginal secretion swabs: MUC4.  RT controls without RNA (-) and PCR controls with a (+) RT reaction 
and no RT reaction (H20) were included in each experiment. PCR Products were run on a 2.5% agarose 
gel and stained with SYBR® Gold stain. 
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4. DISCUSSION 
 The experiments performed in this study were designed to obtain a better understanding 
of the usefulness of using a messenger RNA system for forensic applications. Currently no other 
studies have been conducted to determine if sufficient quantities of mRNA could be recovered 
and if the recovered mRNA is stable enough to be used in forensic applications. The results of 
these experiments demonstrate that sufficient quantities of mRNA can be recovered and is stable 
for extended intervals even through exposure to various environmental insults. These findings 
indicate that the use of mRNA is suitable for body fluid identification.  
Recovery results using pristine samples determined that sufficient total RNA (rRNA, 
tRNA, mRNA, and microRNA) can be recovered for use in forensic applications. Blood and 
saliva total RNA values were similar, with an average recovery of 450 ng and 425 ng in a 50 µl 
stain (~9 ng/µl), respectively. Semen stains yielded approximately double this amount of total 
RNA recovered, with an average of 1,100 ng of total RNA in a 50 µl stain (~22 ng/µl). Semen is 
generally more concentrated than other body fluids and therefore may be expected to have higher 
recovery values. RNA yields from vaginal secretions were significantly higher than the other 
three body fluids examined, with an average total RNA recovery of 68 µg from a single vaginal 
swab. The female reproductive tract contains normal flora consisting of bacteria and fungi, such 
as yeast. The Ribogreen® dye used for quantitation of total RNA is not human specific, therefore 
the increased RNA recovery values found for vaginal secretions could be due to the presence and 
detection of concentrated vaginal cells, microbial flora, and yeast. An additional disadvantage of 
quantitation using Ribogreen® is that the cyanine dye can bind to DNA thus influencing the 
quantitation results by providing an incorrect overestimation of the amount of RNA present in 
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DNA contaminated samples. DNase I treatment was included to avoid affects of DNA 
contamination with Ribogreen® quantitation. However, in some cases DNA was present in the – 
RT reactions as well as it the manufacturer (Ambion) states that DNase I is not efficient in 
removing all DNA. A small amount of DNA may still be present in samples and could alter some 
of the quantitation estimates. It is possible for DNA contamination to be a systemic problem, 
occurring in all samples, thus not causing significant differences. Currently no quantitation 
method exists that is specific to mRNA or specific to human RNA, thus necessitating the use of 
Ribogreen® for RNA quantitation despite its limitations and disadvantages. 
All four body fluids demonstrate variance in total RNA recovered as evidenced by the 
relatively large standard deviations. Some sample variation was to be expected, however steps 
were taken to minimize this variation. Variation between samples was reduced as much as 
possible by homogenizing (i.e. evenly distributing the cells within solution) the samples before 
being aliqouted onto cotton swatches. Saliva samples were only taken during times when a donor 
had not eaten or consumed liquids for at least thirty minutes before collection. This minimizes 
any additional enzymatic or inhibitor influences from the food or drinks. Semen samples were 
immediately frozen after collection and thawed only once, to prevent the cells from lysing, 
before being homogenized and aliqouted onto the cotton swatches. Vaginal secretions were 
limited in the number of swabs collected per day (seven). The first couple of swabs collected will 
contain greater number of cells, but then decrease with each additional swab. Only seven swabs 
were needed for each condition from 1 day to 1 year, therefore seven swabs was determined to 
be the maximum allowed to be taken at one time. However, homogenization could not be 
conducted on these samples because they were taken on swabs, therefore increased variation 
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could be expected with this body fluid. Also, each environmental condition was dried down as a 
set with the same donor and aliqouting conditions. Because only partial stains were extracted and 
quantitated, the total RNA recovery in the extract was used to estimate the total RNA recovery 
for the whole stain. The estimation was based on the assumption that all sections of the stain or 
swab contain the same amount of RNA, as well as each stain cut from the swatch/swab being the 
same size. 
The sensitivity results indicated that a majority of the tissue- specific genes were of 
medium and high abundance. The high abundance genes were defined as < 5 ng and the medium 
abundance genes were defined as 5 ng < 30 ng. The housekeeping genes were highly abundant 
with the exception of GAPDH in saliva and vaginal secretions. In forensic applications it would 
be necessary to use genes that were considered to be high or medium abundance due to the small 
amount of sample usually obtained at the crime scene. With the sensitivity information obtained 
in this study, high and medium abundance genes would be sufficient for use in forensic 
applications.  
The initial study of total RNA recovery for environmental samples provided important 
insights into possible environmental effects on RNA. As with the total RNA recovery of the 
pristine samples some variation was expected between samples. The semen samples exhibited 
more significant variation, indicated by the deviation of semen data points from those expected 
as calculated with the pristine samples. Multiple donors were used for the environmental semen 
samples. Therefore, if the donor was different than the one used for the pristine samples this 
could vary the environmental condition results when being compared to the pristine sample 
statistical parameters.  
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 Shortwave ultraviolet light (λmax = 254 nm; range = 200 nm to 280 nm) is the 
furthest away from visible light and produces the greatest ultraviolet energy. This range of 
ultraviolet light is known to eradicate microbial growth by disrupting the bonds between the 
nucleic acid bases causing the formation of cyclobutane pyrimidine dimers and chain breaks. In 
many cases the heat emitted from the ultraviolet light may alone be enough to cause chain 
breaks. It is possible that our observation of a decrease in total RNA recovery in body fluids that 
contain natural microbial flora, such as vaginal secretions, was due to UV-influenced eradication 
of the flora as described above. In some cases of exposure to ultraviolet light, no significant 
change was observed possibly because the nucleic acids were protected by certain unique 
properties of that particular body fluid. For example, in the case of blood no significant variation 
was seen possibly due to the presence of heme groups. Heme groups, in the oxygenated 
conformation, absorb the shorter visible wavelengths (i.e. blue-green range) and transmit (or 
reflect) the higher visible wavelengths (i.e. red). Therefore, it is possible the heme groups are 
absorbing some of the shortwave ultraviolet light before it can affect the nucleic acids. As for 
soft white luminescent light (λmax = 440 nm, 585 nm; range = 400 nm to 700 nm) less 
significant damage is expected because light in this range does not contain as much energy and 
heat as the ultraviolet light and therefore does not commonly cause dimers and chain breaks in 
the nucleic acid chain. In some cases, such as saliva, the total RNA recovery with exposure to 
luminescent light could increase the signal due to existing microbial flora. In this case the energy 
emitted in the luminescent light range may not be damaging enough to eradicate the microbial 
flora present. 
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As expected samples exposed to outside conditions showed significant differences when 
compared to the pristine samples. Overall, samples exposed to outside-no rain conditions 
demonstrated an increase in total RNA recovery. This is possibly due to microbial growth on the 
stains, which would increase the total RNA recovery observed. For samples exposed to outside 
conditions, including rain, microbial and fungal growth would be present. However, the frequent 
rainfall could wash away most of the biological material and possibly facilitate hydrolysis of the 
remaining total RNA remaining. The vaginal secretion samples, both the outside and outside-no 
rain samples, demonstrated a decreased in recovery values which could possibly be due to the 
use of a polyester swab instead of cotton.  It is possible the polyester swab is not as conducive to 
microbial and fungi growth as cotton swabs or polyester swabs degrade quicker when exposed to 
environmental conditions. 
 Samples stored in the dark at room temperature (25ºC) would not be subjected to any 
adverse affects from light (ultraviolet or luminescent), however, there would still be opportunity 
for microbial growth. Wet samples would provide more favorable conditions for microbial 
growth, but the samples dry with twenty four hours, providing limited time for microbial activity 
as well as RNase degradation. However, vaginal secretions uniquely contain considerably more 
bacteria and yeast than the other body fluids and  therefore could cause an increase in total RNA 
recovery in the short time the samples are still wet. Also, an increase in recovery for the semen 
envelope-dry samples indicated some slow microbial growth.  
Refrigeration temperatures (4ºC) with relatively high humidity are conducive to 
microbial growth over an extended period of time and this growth could contaminate stored 
samples. In some body fluid samples stored in an envelope exhibited higher total RNA values 
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and may have arisen because envelopes are more porous than plastic bags. For example, aerobic 
bacteria rely on oxygen and can therefore be inhibited by plastic bags which reduce the amount 
of oxygen available. Also, samples stored wet could be more conducive to microbial 
contamination as mentioned above and could increase the total RNA recovery. Overall, at this 
temperature microbial growth can be a problem and samples should not be stored at this 
temperature for long periods of time.  
Freezer temperatures (-20ºC) are not conducive to microbial growth or RNase activity 
thus reducing or even eliminating significant microbial interference. In some cases (i.e. blood 
and saliva envelope wet and dry) the total RNA recovery for samples stored in envelopes 
decreased. It is likely when the envelopes were removed from the freezer the ice melted and 
allowed the samples to get wet. Also, samples stored wet could form crystals on the surface of 
the stain and when the stain is removed the crystals melt and allowed the samples to get wet. 
When samples are thawed it possible can cause lysing of the cells from drastic condition 
changes. When samples get wet it can cause possible hydrolysis and allows for possible RNase 
degradation. In some cases samples stored wet demonstrated increased total RNA recovery. This 
normally would not be expected however it is possible when the wet stains are placed at -20ºC 
the cells will lyse open and release the RNA. The stain then dries with the RNA in this released 
state. Ultimately, this may reduce the interaction between RNA and proteins during the acid-
phenol:chloroform extraction stage resulting in easier isolation and recovery of RNA therefore 
increased total RNA recovery. Another possibility may be that some slow growing microbes are 
still present and increase over exposure time (i.e. vaginal secretions envelope-wet samples). 
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Even though most of the recovery results were comparable to the pristine samples, 
predictions for stability of these samples could not always be ascertained from the recovery data. 
Ultimately, quantitation of RNA using RiboGreen® fluorescence assay can effectively estimate 
recovery of total RNA from biological samples, but may not be effective in estimating damage to 
mRNA.  
The stability results from this study indicate that mRNA is stable in different storage 
conditions, at different temperatures, and when exposed to multiple light sources for 6 months 
and longer. The overall concerns of microbial contamination affecting the total RNA recovery 
did not seem to have an effect on the stability results. The experiments with various light 
conditions demonstrate that mRNA is relatively stable when exposed to luminescent and 
ultraviolet light. Even though ultraviolet light can cause the formation of cyclobutane pyrimidine 
dimers in DNA, it is unclear whether the chemical composition (i.e. lack of thymine) or the two 
dimensional structure of RNA permits the formation of cyclobutane pyrimidine dimers. Thus the 
effects of ultraviolet light on RNA maybe less damaging. In the samples exposed to outside 
conditions, both heat and humidity appear to be very detrimental to mRNA stability. Although 
rain was detrimental to mRNA recovery and stability, the heat and humidity alone were shown to 
cause rapid degradation of the samples (i.e. by 30 days). These experiments were conducted in 
the State of Florida where heat and humidity are extreme. If the experiments were to be 
conducted in other locations with different climate conditions, the results may vary. Samples 
stored at the three different temperatures (25ºC, 4ºC, and -20ºC) showed promising stability 
results. Overall, stability of at least 6 months for tissue-specific genes was observed in all three 
storage conditions. However, vaginal secretions did show a significant decrease in the samples 
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stored dry in an envelope. The samples were re-extracted, but the same results were obtained. 
Because the stability decreased after 30 day it was not possible to duplicate the samples at 6 
months and 1 year within the timeframe of this project. All seven of the vaginal secretion 
samples were taken in the same day to ensure consistency of the biological environment form 
which the samples were taken. However, it is inevitable for the beginning samples to contain 
more vaginal secretions then the last samples taken. The total RNA recovery for vaginal 
secretions stored dry in an envelope at 25ºC did start to decrease towards the last two samples 
taken. In luminescent light, which was conducted at 25ºC, vaginal secretions were present up to 
one year. Therefore, it would not be expected to see a decrease in stability at this condition 
(25ºC). However, it is possible that vaginal secretions are in fact less stable at this condition. 
Overall, storing samples at least -20ºC is recommended however, storage at 4ºC and 25ºC is 
possible for short term storage of up to 6 months.  
The housekeeping gene S15 showed slight variability between the four body fluids even 
though theoretically it should be somewhat consistent. Blood and semen demonstrated strong 
stability results throughout the various conditions. S15 in saliva samples, however, showed 
significant variation for the various conditions. Because the degradation in saliva appears to have 
no trend and is not specific to a type of condition, it would indicate that factors with in the body 
fluid itself might be causing this variation. Vaginal secretions demonstrated strong stability 
overall, but decreased slightly within four separate conditions. Saliva and vaginal secretions are 
unique in the fact they contain other existing flora, such as microbes or yeast, within the mouth 
and reproductive tract. It is possible that the presence of additional biological factors (i.e. 
enzymes) from the native for a may cause degradation to S15.  
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Overall, the tissue-specific genes were stable for extended periods of time suitable for 
forensic applications. However, both the outside conditions did demonstrate a decrease in 
stability for all tissue-specific genes. The tissue-specific genes for blood, SPTB and PBGD, were 
stable up to one year in the majority of the environmental conditions. Both SPTB and PBGD 
were determined to be high abundance genes however, PBGD was slightly less sensitive. This 
could be the cause of the slight decrease in PBGD stability in a few of the environmental 
conditions. The saliva tissue-specific gene HTN 3, a high abundance gene, was present up to one 
year in the majority of the environmental conditions. However, the saliva tissue-specific gene 
STATH decreased in stability in the room temperature and light source conditions. STATH may 
have demonstrated a decrease in stability because it was a medium abundance gene with a 
sensitivity of 15 ng.  The semen tissue-specific gene PRM1 was stable up to the 6 month 
exposure period for all but the outside conditions. On the other hand PRM2 slightly decreased in 
stability at the light conditions and one room temperature condition, plastic-dry. Both PRM1 and 
PRM2 were determined to be high abundance genes with sensitivities of 2 ng and 1 ng, 
respectively. It may be possible that PRM2 was more prone to degradation than PRM1. The 
vaginal secretion tissue-specific gene MUC4, determined to be high abundance gene, was stable 
up to one year for the majority of the environmental conditions. It decreased slightly in stability 
for a few of the conditions, but overall demonstrated promising stability results for forensic 
applications. Ultimately, the stability results of the individual genes indicate that certain mRNAs 
may be more prone to degradation than others, but this disadvantage may be overcome by using 
multiple markers per body fluid.  
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 The RNA recovery and stability results obtained support the idea of using an mRNA 
based body fluid identification assay in forensic applications. mRNA in multiple body fluids can 
be recovered in sufficient quantities and was determined to be stable for extended periods of time 
at various environmental effects 
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5. CONCLUSION 
In this report, it was shown that total RNA can be recovered from biological stains in 
sufficient quantities to perform mRNA based assays. The majority of the tissue-specific genes 
were of high and medium abundance, and therefore useful in any mRNA based assay as well as 
for use in forensic applications. Quantitation of RNA using Ribogreen® fluorescence assay can 
effectively estimate the recovery of total RNA from biological samples, but was not effective in 
determining the potential damage to mRNA from environmental insults.  
Total RNA recovery results for environmental samples demonstrated possible problems 
with microbial presence for certain conditions. Overall, most of the conditions tested yielded 
enough total RNA to perform subsequent reactions. Stability results were promising for various 
light and temperature conditions, demonstrating that RNA is stable for at least 6 months and 
longer. However, outside conditions did significantly reduce the stability of RNA due to 
exposure to heat, light, humidity, and rain.  
This study was a preliminary investigation in order to gain an understanding of the 
recovery and stability of RNA. Future experiments on mRNA stability in biological stains will 
need to focus on three main areas to fully understand the interactions that were occurring at these 
conditions if any. First, alternative protocols for RNA extraction, as well as cDNA production 
and detection, should be tested to assess the stability of mRNA in biological stains. Additionally, 
the pattern of RNA degradation (5’, 3’ or random) needs to be determined. And lastly, additional 
high abundance tissue-specific genes must be evaluated. 
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